Background: A variety of substances, biological and physical interventions have been used to enhance bone fractures healing. There is growing evidences for the importance of nutrition in maintenance of bone health and support of fracture healing. Objective: The aim of this study was to evaluate the effect of the daily oral dose of concentrated bone broth as dietary supplementation on bone healing in experimental animals (rabbits). Material and methods: Twelve young male rabbits divided into two groups after induction of open ulnar osteotomy, the experimental group receive daily dose of concentrated bone broth as a dietary supplementation. The control group received ordinary diet. In the end of second weeks three animals from both group were killed, at the end of fifth week, the other animals were sacrificed and the specimens taken for radiological and computerized tomography (CT) scan densimetry and histomorphometric evaluation carried out for the callus at site of osteotomy. Results: The ulnar bone osteotomies in both groups were united at the end of the fifth week macroscopically and radiologically. The callus density was measured in site of osteotomy by CT scan densimetry, at the end of 2 nd week the difference between the experimental and control group was not
raditional recipes for treatment of physical and mental illness exist in all major ancient civilizations of the world (1) . All cultures around the globe have used bone broth as part of their traditional dishes for centuries and used it as healing tonics for many ills (2) . The use of bone broth dietary supplementation by the common folk for promoting fracture healing process is an old practice in our community. Bone broth simply have met and stood the test of time within human cultures. Simmering bones in water extract many constituents contained in them like proteins, amino acids, glucosamine, hyaluronic acid, chondroitin sulphate, minerals, vitamins and other trace substances (2) . Bone broth is excellent source of minerals, since these naturally derived minerals are extracted from bone, they are in an ideal balance and easily utilized by the body (2) . By reviewing the available literatures, there were no registered studies on the effects of concentrated bone broth as dietary supplementation on bone healing. Bone mineral density measurement by computerized tomography (CT) is noninvasive, and a reliable tool for quantification of the fracture repair process in experimental animals (3) . The mineral density of callus correlated positively with callus strength and stiffness (4) . Bone histomorphometry is a quantitative histological examination of decalcified and undecalcified bone biopsy performed to obtain quantitative information on bone remodeling and structure (5) .
Histomorphometric evaluation provides clear evidence of the healing process (6) . CT evaluations of bones show highly significant correlation with those determined using histomorphometry (7) .
The aim of this study was to evaluate the effect of the daily oral administration of concentrated bone broth as dietary supplementation on bone healing in experimental animals (rabbits).
Material and methods
This study was approved by the scientific research committee at the College of Medicine, University of Mosul, and follows the council for international organization of medical sciences ethical code for animal experimentation. Twelve young male aged 4 months locally breeded New Zeeland rabbits from animal house, College of Medicine, University of Mosul were used in this study at Their average weight 1470 grams ranged between1260 grams and 1520 grams. The animals were kept in separate metallic cages for one week for adaptation in animal's house. In each cage one animal feed with standard ration and water.
T

Bones broth preparation
The bone extract done to some extent to that prepared by our population as bone soup given to patients. Fifty hundred grams of bone taken from bovine femoral head and neck, broken into pieces and cooked with 2 liters of distilled water in a pot for 4 hours, the bone removed and allowed to cool, and placed in refrigerator overnight for excess fat to congeal. The excess fat on surface of fluid removed, and the pot back on the stove and allowed to concentrate to 100 ml. The fluid stored in 4ºC, and three milliliters of concentrated broth mixed with animal daily diet of experimental group.
Experimental technique
Food was suspended eight to ten hours prior to administration of anesthesia. To decrease the vagal tonus, each animal received 0.2 mg/kg dose of atropine sulphate by intramuscular injection. Animals were anesthetized by intramuscular injection of ketamine (50 mg/kg of body weight) and intramuscular injection of diazepam (5.0 mg/kg of body weight). Preoperative antimicrobial prophylaxes consisting of 100 mg/kg of ceftriaxone were injected subcutaneously in proximal part of the same limb. Sample of venous blood aspirated to measure serum calcium, phosphate, and alkaline phosphatase. The right forelimb was shaved and cleaned by betadine solution. Under aseptic techniques, the right ulna of each animal was accessed by an anterior longitudinal skin incision of approximately 20 mm. After division of the skin and subcutaneous tissue, the fascia, the muscles and tendons were retracted and the periosteum was opened and dissected from the ulna. The ulnar shaft was exposed; osteotomy was performed on the exposed portion of the ulna by means of a one millimeter blade thickness sterile hand saw. The incision was closed, using absorbable 5-0 polyvycril sutures for the fascia and 4-0 monofilament PDS sutures for the skin, local dressing applied locally using sterile gauze covered with adhesive plaster. No surgical fixation or external splintage were used in these osteotomies.
The animals were assigned to two groups; the first group (6 animals) as experimental group received a daily dose of 3 ml of concentrated bone broth as dietary supplementation in addition to their ordinary diet and continued for five weeks. The second group was the control group (6 animals) received ordinary diet. At the end of 2 nd week, 3 animals from each group were sacrificed, other 3 animals from each group were sacrificed at the end of 5 th week. Animals were anesthetized as described previously, a sample of blood aspirated to measure serum calcium, phosphate, and alkaline phosphatase, and killed with a 2 ml intracardiac injection of potassium chloride. The right ulna of each animal was removed, dissected from the surrounding soft tissue and prepared for radiological, CT, and histological examination. The samples examined radiologically by Siemen-Sirography fluoroscopy equipment 62 K.T.; the KV used in taking x-ray was 30 KV, 50 mA. The CT scan examination carried out to measure the density of callus at the site of osteotomy. The CT scan equipment was light speed, multidetector equipment, General Electric (GE), 32 Yokogawa Medical System, taken TA 0.6 mm slice thickness. The mean of five points taken at the site of osteotomy to measure the density of callus, the means and standard deviations of these values calculated. The sites of osteotomy were carefully exposed by removal of all the soft tissue. The ulnar bones were removed, and fixed with 10% formaldehyde solution. After fixation, they were decalcified in 10% foramic acid. The decalcification process demineralized the bone, leaving only the soft tissues and bone matrix. This was done to ensure that thin sections could be examined histologicaly. Thin sections embedded in paraffin wax were cut and stained with haematoxylin and eosin. The site of osteotomy examined histologically. The progression of fracture-healing in each specimen was quantified with the use of a scale that assigns a grade based on the relative percentages of fibrous tissue, cartilage, woven bone, and mature bone in the callus (histomorphometric evaluation) (8) . 
Statistical analysis
Results were reported as mean ± standard deviation. The unpaired student (t) test used to calculate the differences between two means. The P value was considered a significant if it was less than 0.05.
Results
All animals survived to the end of the study. Neither wound infection nor wound dehiscence were observed in the animals of either group. All animal at time of osteotomy had normal serum calcium (the mean was 3.4 ± 0.22 mmol/dl), serum phosphate (the mean was 1.45± 0.18 mmol/dl), and serum alkaline phosphatase (the mean was 11.6 ± 2.4 IU unit/ dl). At the time of scarifying animals, the serum calcium was normal (the mean was 3.4 ± 0.14 mmol/dl), the serum phosphate was normal (the mean was 1.42 ± 0.1 mmol/dl), and serum alkaline phosphatase was normal (the mean was 12. ± 1.6 IU unit/ dl). By using student (t) test to compare the differences between two mean, there was no statistically significant difference (p> 0.05) in the means of serum calcium, phosphate, alkaline phosphatase at starting experiment and at scarifying animals. Macroscopic evaluations demonstrate that all osteotomies were united completely by the end of 5 th week of the study, and there is soft callus in the end of 2 nd week in both groups.
Radiological examination shows that osteotomies were at different stage of bone healing according to dating of scarification. The callus density was measured in site of osteotomy by CT scan densimetry, its mean at the end of 2 nd week in the experimental group was 110.73 ± 51.23 and in the control group was 98.7 ± 26.24, the difference between the experimental and control group was not significant, p value was 0.69, (P value > 0.05), at the end of 5 th week in the experimental group was 510.47 ± 134. 84 and in the control group was 261.13 ± 70.03, with p value 0.0001, the difference between the experimental and control group was highly significant, (P value is < 0.05), (table 1). The mean of histomorphometric evaluation of healing in site of osteotomy at the end of 2 nd week were 4.33 ± 0.72 in experimental group, while in control group were 4.27 ± 0.70, the p value was 0.8, the difference between the experimental and control group was not significant, (P value > 0.05), and at the end of 5 th week were 7.67 ± 0.62 in experimental group while in control group were 7.13 ± 0.74, the p value was 0.041, the difference between the experimental and control group was significant, (P value < 0.05), ( 
Discussion
In this study, the concentrated bone broth shows highly significant increased the density of callus in CT densimetry measurement in site of osteotomy at the end of 5 th week in comparison with control group. The histomorphometric evaluation show significant improvement in healing process in site of osteotomy at the end of 5 th week in comparison with control group. At the end of 2 nd week the difference in CT callus density and histomorphometric evaluation was not significant between experimental and control group. Histopathological examination shows good union without complications (infection or giant cell reaction) in both groups. The findings in this study support the common folk idea that this dietary supplementation enhances bone healing when given in course of fracture healing for sufficient time. Bone broth, made from the bones of animals, has been consumed as a source of nourishment for humankind throughout the ages (2) . It is a traditional remedy across cultures for the sick and weak (2) .
There is growing evidences for the importance of nutrition in maintenance of bone and joint health (9) . Bone is complex tissue that requires many nutrients (10) . The recommended therapeutic supplementation includes about 20 bone building nutrients for acceleration of bone healing and to reduce complications (10) . Multi-nutrient supplementation includes proteins and amino acids, carbohydrates, fatty acids, antioxidants, calcium, phosphorus, vitamin D, fluoride, vitamin C, zinc, copper, magnesium, silicon, and trace of other substances, help in the acceleration of bone healing (9, (11) (12) (13) (14) (15) (16) . Strength of callus in the process of fracture healing depends on an adequate intake of dietary protein as well as an adequate supply of minerals (17) .
American Academy of Orthopedic Surgeons statement on animal use in experiments insists on: that the protocol should be designed to minimize the number of animals used (18) . The number of animals used in this experiment is sufficient to get a conclusion and to stimulate more wide clinical studies. The serum calcium, serum phosphate, serum alkaline phosphatase were normal in rabbits. This finding indicates that animals are healthy and had no systemic bone disease through all the time of study.
To compare the findings of our study with other studies, we reviewed the available scientific literatures. There were no registered studies on the effects of concentrated bone broth as dietary supplementation on bone healing, whither in experimental animals or in humans. Modern sciences are beginning to validate what tradition has valued for centuries. The bone broth is available, cheap, easy to be prepared, and can be very useful for patients in developing poor community with limited medical resources. Randomized prospective clinical studies indicated to support this finding in human.
In conclusion, this study demonstrates that concentrated bone broth as dietary supplementation improved significantly the healing process in rabbit's ulnar osteotomy, this effect characterized by increase callus density in CT, and improved results of histomorphometric evaluation in fracture healing.
